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A SIMPLIFIED VERSION OF 

DANTZIG'S QUADRATIC PROGRAMMING ALGORITHM 

FOR SOLUTIONS USING A 

MEDIUM-SIZED DIGITAL COMPUTER* 

by 

R. E. Murphy 

Stanford University 

1. Introduction 

In a recent paper by G. Dantzig [1], an algorithm was introduced to 

obtain solutions for certain quadratic programming problems by a modified 

simplex program. TSiis programming algorithm follows closely the methods 

employed by Wolfe and Markowitz [2]. In this introduction, we shall out- 

line Dantzig*s theorems for those unfamiliar with this method, and also 

develop the notation used in this paper. 

1.1. The  Criterion Function 

We shall formulate the problem as the constrained maximization of a 

convex quadratic function in x. The  criterion function (in vector/matrix 

notation) will be 

(1.1) n(x) - xS - ^ xtAxf 

where 

x > 0, 

x Ax > 0 for all x, and A is a symmetric matrix. 

Ihis research was supported by Varian Associates, Inc., Palo Alto, 
California. Publication was supported by Office of Naval Research Contract 
Nonr-225(50) at Stanford University. Reproduction in whole or in part is 
permitted for any purpose of the United States Government. 

I wish to thank Mr. G. Kuykendall and Mrs. L. Owens of I.B.M., San Jose, 
California, for their help in introducing the author to IkOl  Fortran and 
in testing this program. 
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Some  of the  columns of the    A    matrix may have  zero elements.     The activ- 

ities associated with these zero rows and columns will be linear activities, 

not quadratic activities.     Thus, by suitable construction of the    A    matrix, 

mixed quadratic/linear  solutions may be obtained. 

1,2,     The Constraint Function 

In addition to the positivlty requirement  for    x,    we require that 

the following equation (in vector/matrix notation) be satisfied: 

(1.2) Cx = d . 

1   3      A Note or. Slack Vuriables 

The vector    x    is defined so that It contains the required slack 

components to make (1.2) hold us an equality. 

1 u.     The Kuhn-Tucker  (3] OFtimtdltv Conditions 

A solution to (1 1) and (1.2),  say the vector    x*.    can be segregated 

into two subsets.    Let    X0 be the subset of components of    x    which are 

zero, and    X*    the subset of components of    x    which are positive.    The 

solution,    x*.     Is e.e optimal solution (leads to a roaximua    n(x)    under 

constraints,  (* 2)) if 

t 
/j  ,\ b - Ax# - C \* ■ 0    for    x* € X 

(l h) b - Ax* •  cV < C    for    x* t  X0    , 

and 

/.R\ Cx*sd- 

I 
The vector    K*    is defined as the Lagrangian multiplier vector. 

1  5.     Tt-e Complementary Vector 

Suppose we define a new sector    u«    such that 
.] 



(1.6) u*tx = 0 ^ u* > 0 , 

and such that 

(1<7) b + u* - Ax* - C^* = 0 for x* e X0 . 

We can now write (1.3) and (l-M as 

(! 8) b + u* - Ax* - cV* = 0 for all x > 0 . 

It can be seen then that the vector u is a special kind of slack 

variable which permits the Kuhn-Tucker inequality (l.U), together with (1.3). 

to be written as an equality (l«o). 

16  Similarity Between These  Equations and Linear Programning Equations 

The similarity between the satisfaction of equations (1.5) and (1.8) 

and simplex method linear programming can be exploited if satisfaction of 

(1.6) .-an be ensured and some method of determination can be made of the 

efficient order In which to bring in new components of x (to take the 

place of the linear criterion function coefficients of linear programming). 

Dantzig has supplied such a selection criterion. A feasible, non-optimal 

solution, say x0 (which satisfies (1.5) but does not satisfy (1.3) or 

(I.**)), will be characterized by a u vector which contains negative 

components. The  component of x0 corresponding to the most negative 

component of u0 Is the activity to be introduced next into the basis 

(X+). Dantzlg has shown that such a selection rule will lead to a 

monotonlcally increasing n(x). 

2, Setting UP the Solution Matrix 

2.1, The Complete Form of the Solution Matrix 

Figure 2.1 shows the solution matrix for the quadratic criterion 

function (1.1), subject to the explicit constraints. Note the requirement 

1 



of equations (1.6), (1.2), and (1.8) is implicit in the computer instruc- 

tions to follow. 
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Fig. 2.1.1 

2.2. The Reduced Form of the Solution Matrix 

We shall employ an abbreviated notation for the solution matrix, 

so that Fig.2.1.1 may be represented as 

(2.1) b d 

A C X 

-I 0 u 

k 0 \ 

1 



«sa= .„„„ ji,-.^~~,—» 

One practical disadvantage of the simplex quadratic programming 

algorithm is the very large sise of the solution matrix. With m activities 

and n constraints, the solutien matrix is a (m+n) x (2m+n) matrix, where 

m > n.  This large matri« limits the application of the method to either the 

solution of small problems or the use of large computers. 

We note that n of the n activities are slack activities, the rest 

being productive activities. We may partition the x vector as follows: 

(2.2) x = < x :x > 
P • 

u = < u ;u > 
p s 

where x  contains the components of x which represent slack activities, 

x contains the components (m-n in number) of x which represent 
P 

productive activities. 

In the same way, we write 

(2.3) 

Furthermore, we will assume that the criterion function is restricted only 

to the productive activities; that is, the slack activities are not costly 

or productive. Thus, we have 

(2.U) b = < bp;0 > , 

where    b      contains only the coefficients corresponding to the productive 
P 

activities. 

Also, we have 

(2.5) A- .JB4---- 

where A  is the matrix whose elements are associated only with the produc- 
P 

tive activities, and 

(2.6) c = 



- lifyf  jfctc ZJS ÜAZKKXfitH 

where C  is the matrix associated with the productive activities, and 
P 

I  is the unit matrix associated with the slack activities. 

The whole solution matrix of (2.1) may be rewritten as 

(2.7) 

b    i   0 
P  1 

d 

Ap!  0 c 
P 

X 
P 

0        0 I X
S 

-I          0 0 u 
p 

TU 0 
"f ..A 

We note from the last two rows of (2.?) that u  and X are related in a 

very useful way. An increase in a component of u  Implies an equal increase 

in a corresponding component of \. and vice versa. Thus, for any component 

In u  and \,    we may write 

(28) JJ + VKJ + V Jä1'2' 
where 6, is some change to u. or \,  For all practical purposes, any 

J J     J 

selection criterion bused (in part) on u  could be based also on K.    Its« 
5 

solution matrix (2.7) may then be rewritten in a reduced form  We have 

(29) 

b    !  d p 

A« 1   c^ 
P  i     p 

X 
p 

0    i   I X s 

-I     1   0 u 
.ja... 

oJlV A. 

Where we have    ra    activities and    n    constraints,  the general  solution mutrix 

of dimension    (m+n) x (2m+n) may be reduced to a    m x 2m    matrix.     Such a 
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reduction leads  to a marked saving in computer memory elements. 

3.    The Computer Program 

3.1      General Informatioo 
' ■      ■ ■ . 1        IM     1 HI    »■    M 

The computer prograa i» written in Fortran language fox the I.B.M. 

11*01 computer T41.    th* 1*01 eomputer i« » mediutt-«i»ed machine wriich is 

quiw coamoaly fc»*t4 in uae as an •crountifig motkn* ir. «any thouMUda of 

tusinea» firm» in tfe* Uhitad gtate« an! i»broa4.    «iaca luadratic prograrr,- 

ming is a vai.*»t.U »11 to profit «mysi« Ifi t>uaiii«a», ir« faal that this 

progra« will find earw u»«» 1» tte»« fix««     Approxiaataly 6,000 memory 

positions are re^ired ta «tore the progra« and the Mcatsary fixed routine 

instructions for the sotwutcr.    ILAS, if 12,000 «emory pofltloc« are avail- 

able,  sufficient memory poaitlofis «main to »tore a 1^ > JO »olution matrix 

with an accuracy of si« slgntf cant figures (this include» space for the 

vectors    x . x , u . X, b . and d>.    »is solution capacity should be 
p  s  p    p 

adequate for most business problems. One soiution cycle requires approx- 

imately 30 seconds of machine time as-d, on the averuge, about 10 cycles 

are required to find an optimal solution. Thus, a solution may be obtained, 

or the average, in 5 minutes of romputer time. He  magnetic tape units are 

required, the problem being solved completely in the magnetic core storage 

areas. 

3.2. Descrlptlcn of the Block Liagn^ 

It is necessary to make the computer Fortran program notation 

different from the descriptive notation used in the previous sections. 

The x vector, u vector, and X vector are known to the computer as a 

single X vector. The assigned index numbers are the only clues to 

identification of the x, u, and \ vectors within the K vector. Also, the 
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c and d vectors are known to the computer as a single C vector, from 

which the c and d vectors may be identified only by the assigned index 

numbers.  The solution matrix is known to the computer as the A matrix. 

Ttie  submatrlc.es described in previous sections are only Identified by the 

assigned index numbers. 

With these definitions In mind, Flg. 3-2-1 may be examined  Figure 

3.2.1 is a simplified block diagram of the modified Dantzig simplex method. 

Each block will be described is detail below 

Block 1 

During this operation the computer accepts input Information from 

cards and/or tape.   This information is plueed in the reserved memory 

positions and the assembly of the A matrix is completed  Ta addition, the 

C vector is also assembled In the appropriate tneraory locations 

Block 2 

In Block 2,  the A matrix and the C vector are used to determine the 

initial  valae cf the X vector,    ujiis. initial  solution is farmed by running 

the alack activities at a level which consumes all the available -escurceg. 

Furthermore,  the complementary productive activities are also introduced 

(since the productive activities are all at zero) so that the C vector is 

completely satisfied.    This Initial solution,  although a feasible solution, 

is far from optimal  since    all the resources are "thrown away" by the s.ack 

activities. 

Bloak 3 

The printer now prints out the initial solution. First, the 0 vector 

is printed out. Then the A matrix and X vector (in the far right column) 

are printed out row after row, until the entire matrix and vector are 

8 



complete. This matrix may then be examined to assure that the data fed 

into the computer has been stored in the proper positions. 

Block k ——— 

If the value of this least-valued complementary activity is positive 

or zero,  the optiaality theorema iadieate that the present solutioc is the 

optimal solutio»! aad the «omputer passes or to Block 17.    Bowever,  Uiia is 

rarely the case,  especially on ta« first soltitioc.    Orlioarily,  tbe least- 

valued complementary activity is negative.    If it is negative,  tha computer 

passes on to Block 6. 

Block 6 

Ic Block 6,  tne I      (ssoat profitable) aativity is increased from zero 

until tne first of tne C vestor «or.straints aoeffielent becomes tjlnding. 

w.lv   ■•oi.itriiat Is U* first t*. iin4vis daternined ty di"iiint ti^ K row 

of A «atrtK elemeots, ofta at a tl«a, iatc ttoe appropriate C »ecto» coef- 

ficients.    Note «hat only certain C vaator soaffisients (acluiar.s) are used 

during this process.    Xbes« 9«rtai& »oaffi iants are ia the rolusms asso- 

ciated with the activities abiefc are rcatri&ted tc cero or positl'fe values 

only; that is. only the prods«8tiv« activities and the slack activities. 

Thus, only the (? vector «eeffieieat aaaooiated eith a sign-restricted 

activity can posaitly bind the iammiB^ activity.    Xhe «oB^leiaentary 

activities and the X^gran^ian fliultipliers are net sign*restricted for 

feasible solutions.    One esecptioa ejiiata;    Sie C vector eoefficlent asso- 

elated with the complementary aatleity for the K     activity is sign- 

restricted duriog this solution «ycle.    It.mayno^ bej permitted to go 

negative at this ,tjl«e.    This is because it is very desirable for the 

incoming activity,    I(K),    to be bound by the C vector coefficient which 



I 

Block 6 

Now that K, L, and KA are known, the A matrix and the C vector are 

modified according to the simplex rules. Following this operation, the 

■fh th " 
K  row will have 0. everywhere except in the L  column where the number 

1. will appear. The KA  row, which formerly had O.'s everywhere but the 

L^ column (where it had a i.)» «iU. now generally contain coefficients of 

/arlous values. Everywhere eise the A matrix coefficients will btr modified 

by the simplex process to reecgnize the existence of a new basis (contain- 

ing the K , instead of the KA , activity). 

1 

formerly bound its own complementary activity. The reasons behind this 

statement will become more apparent later in Block 13. 

Block 7 

Since the binding C vector constraint, L, formerly was the bound for 

some other activity that was formerly in the basis, this other activity 

must be identified and made to drop ott of the new basis (go to zero) 

following the introduction of the Ktn (most profitable) activity. This 

activity is found by finding the index number of the row with a 1. in 

column L, which also has a positive, non-zero X vector component. This 

index number is recorded as KA. 

t'. ■ 

; 

] 
Blc»;.k 9 

At this stage, the new X vector is assembled. The incoming activity, 

X(K), will become positive and equal to the new C(K), while the outgoing 

activity, X(KA), will become 0. . Since the C vector has been modified, 
J 

the other activity levels will change somewhat. 

Block 10 

The printer will print the sequence number of the new solution. 

10 
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Block 11 

The printer will print the index numbers of the incoming and outgoing 

activities and the binding constraint. 

Block 12 

The printer will cow print the new C vector. Following this, the A 

matrix and 1  vector components will be printed out, row by row, until the 

entire solution ts»s teen printed. 

Block 13 

The compleraentÄFit/ ebeoli is now made.     The complementary activity 

of tee incoming activity is checked to see if it is 0.   .    If it is,  this 

can aappe» in the following way:    Suppose that the binding C vector coef- 

fisierit was the formier binding aoeffieient for the complementary variable 

of the incoming activity.    In this case, as the incoming activity comes in, 

its own complemcr.tary activity goes to 0.   .    Most of the time the comple- 

mentary activity falls fcut does not go to tero (this is because some 

activity other than the ■' anjiementary one is dropped).    If tne sample- 

raettsxy a?tivity asjo?iated with the inaoming activity becomes zero, the 

compieitentarity tast paases.    If net, the test fails.    The cptlmality 

theorems irtdlcate that if the test passes, the solution is feasible.    If 

the test fails, the aolation is non-feasible. 

If the conple&entarit/ test passes, the con«»utep moves on to Block 

1%.    If the test fails, the computer moves oa to Block 15. 

Block.U 

The computer enters this bioek only when the complementarity test 

passes. The printer will print out a notice that the solution (printed 

formerly in Block 12) is a feasible solution. 

11 
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The computer now returns to Block it- and determines the conditions 

for another solution. 

program to be used for most applications. 

1.2 

1 

Block 19 

The computer enters this operation only when the (»omplementarity 

test fails and the solution is non-feasible. According to the optimaJlty 

theorems, the complementary activity associated with the binding C vector 

constraint coefficient must be brought Into the basis. Therefore, K is set 

equal to the Index of this activity and the computer attempts to pass the 

complementarity test again by going back to Block 6, with this new ^ali-e 

of K. 

Block 16 

This block Is entered only If the optimaJlty test cf Block 5 is passed. 

In this block the printer prints out a message indicating that the solution 

(printed last) Is the optimum solution.    Following this message the computer 

stops and the problem is solved. 

3.3.    I^e Fortran Statement of the Solution Algorithm 

Appendix I ts a reproduction of the Fortran statement   list  for the 

solution algorithm.    The essential heart cf the algorithm starts at state- 

ment sequence number 30.    The operations preceding this point are the 

instructions required to read in the initial data and form the initial 

solution matrix.    These Instructions can scmetlraes be modified to suit the 

particular application of the algorithm as a compcnent of a larger program. 

In this case,  these statements have been made general enough to permit the 



3.U.  The Layout of Input Data Cards. 

In the assignment of coefficients to be punched in the input data 

cards, some arbitrary, but prescribed, index order of the constraints and 

activities is assumed.  This index order, once set, is adhered to through- 

out the assignment. 

3.4.I. The Index Card 

The index information is placed on one card with the following 

format: 

Card No.    Column Mo.'s    Coefficient 

1 1-2 NT (the number of 
productive 
activities) 

1 3-U MT   (the number of 
constraints) 

The following equations must be satisfied when selecting NT and HT: 

1 < NT < 10 

1 < MT < 10 

2 < NT ■»• MT < 15 

3.U.2. The  C Vector Cards 

Uie C vector is placed on two cards with the following format: 

Card No. Coijmn No.'s Coefficient 

2 1-8 cd) 
2 9-16 C(2) 

2 17-2U C(3) 
2 25-32 oik) 
2 33-^0 C(5) 
2 kl-U8 c(6) 
2 49-56 0(7) 
2 5T-6U 0(8) 

13 
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Card No. Column No.'s Coefficient 

2 65-72 0(9) 

2 73-80 C(10) 

z 1-8 8(11) 

3 .    9-1.6 0(12) 

3 17-21*. 0(13) 

: 25-32 COM 

3 33-^0 0(15) 

All unused components of C are left blank. 

We ba"e NT cards of the following forn.ut • 

Card No. Co i -.•r.n No.   a 1± effirlent 

it 1-6 A(l,l) 

.. 9-16 A(i.2) 

- 17-2»» A(l,3) 

.. 25-32 A(l.V) 

- 33-*) 4*.5) 
- i*i-u8 Ä(i,6) 

- i*9-56 A(i.?) 

- 57-6^ A(l,3) 

. 65*72 A(l,9) 

- •:-■. A(1,10) 

..,..   The above sequence fs repeated for W .r.: s, the  last of which 

is    

3 ♦ TO ^3-80 A(NT.IO) 

All  the unused A elements are left blank. 

I.k.k.     The Construlnt Coefficient Curds 

We have MT cards of the following format; 

Card No.    Column No.'s    Coefficient 

3 ♦ NT ♦ 1 1-8 0(1,1) 

3 ♦ NT ♦ 1 9-16 0(2,1) 

j ♦ NT ♦ 1 17-21* 0(3,1) 

Ik 



Card No.           Column No.'s Coefficient 

3 + NT + 1 25-32 CU,!) 

3 + NT + 1 33-UO C(5,l) 

3 + NT + 1 kl-kQ 0(6,1) 

3 + NT + 1 49-56 C(7,l) 

3 + NT + I 57-6^ C(8,l) 

3 ♦ NT ♦ 1 65-72 0(9,1) 

3 ♦ NT ♦  1 73-80 C(10.1) 

 ISie above sequence is repeated for MT cards,  the last of which is... 

3 ♦ NT ♦ MT i-6 C(l.MT) 

i ♦ ET ♦ MT 9-16 C(2,MI) 

.. •..  and so on uxitli ..... 

3 ♦ KT ♦ MP 73-30 C(1C,MT) 

All the unused elements ot C ure left blank. 

3.1*.5.    Special Tnstrytions or. Par.chirig These Cards 

l^e deciasai point must uivays full four digits from the end of 

the coeffieient*» fUid. 

rr.e_de.:ltr.ai tciat Is riot ^-X^hed in the card;  the ccmputer is 

pr^ru.r.z.ei to provide it ir.ternail^'. 

Mir.us signs {»an be punched before the first significant digit 

»ceijPled by tna speffiglent.      Thus, negative coefficients can have only 

three significant figures before the decimal point. 

In eases where the significant digits stop before the end of the 

field,  zeros must be filled in until the remainder of the field is full ■ *■■■■» mm 

of digits.    No zeros are required before the first significant digit in 

order to flli the field. 

Exuiaples; 

a) For the coefficient -^36.23, punch 

j- l
i*,3 .6,2. 3 ,Q ^ I 

b) For the coefficient 0.0025, punch 

I L_^ 1 1  1  .2 iP I 
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c) For  the coefficient  326l.,  punch 

Mf2 .6.1 .    . ,    .    I 

d) For the coefficient 0.,  punch 

I i i 1—i >     *    i 1. 

3.1*.6.    Order of tne Cards 

The data cards are placed,  in the order described above, behind 

the Fortran program deck and processed as a standard Fortran compilation/ 

rorap^tation sequence with either the 11*01 Fortran compilation deck or 

1401 Fortran tape. 

3.5,    The Out|>ut Fsmat 

Appendix II shows a sequence of solution sheets to a typical example 

of a quadratic program used to maximiie profits la « firm.    The first .sheet 

sbows the initial data LB the soiutich Ratrix ard the Initial I vector* 

The laat sheet shows the feasible optüsal solutior. ar.d the final solution 

natri*. 

By suitable fcodifl?afciori« to tJae fuxtraa prugran;. the feasible 

optimal goiutioh ftay »*e S4%se4 OK. tapat tc t« -eed in f^rtter processing 

cy another prograR (« J51 »i % booitkeepitig reutin«).    Ci^s, the quadratic 

program ma/ be used as » •gubroatine* tr a »ore Involved problem. 

ü.    SuBjaary 

a) Tne optimal  use of limited resources, where ffonstant returns to 

scale cannot be assumed, is a major csoasera In the theory of the firm. 

b) Quadratic progranming is % practical answer to this problem. 

16 
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c;    Medium-si zed digital computers are available to a great many firms. 

By a modification of the Dantzig quadratic algorithm,   these machines may he 

used to solve a great many of the optimization problems in business firms. 

d) This paper describes the modified Dantzig quadratic program. 

e) A Fortran digital computer program is included, with instructions 

for its use,  and a practical  example. 
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Appendix I 

PARAMI9R0206PS 
READS, NT, MT 
JB=NT+1 

M=NT+MT 
N=M+M 
DIMENSION A(30/15)/C(15)/X(30) 

PRINT 8 
DO 3 1=1,30 
X(l)=0. 
DO 2 J=l/15 

2 A(U)=0. 
3 CONTINUE 

READ 6,(00)^=1,10) 
READ 7,(C(J),J=11,15) 
DO 5 1=1,NT 

5 READ 6,(A(I,J),J=1,10) 

DO 60 J=JB,M 
READ 6,(A(I,J),I=1,10) 

X{J)=C(J) 
MR=J+M 
DO 50 l=l,NT 

50 A(MR,I)=A(I,J) 
60 CONTINUE 

DO 70 J=1,NT 
l=M+J 
X{|)=-C(J) 

70 A{I,J)=-1. 
PRINT 600,(C(I),I=1,15) 

DO 200 l=l,N 
200 PRINT 615,{A(I,J),J=1,15),X(I) 

C FIND INCOMING ACTIVITY, K 
JB=0 
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MR=M+1 
105 E=0. 

K=0 
DO 120 ^MM 
IFCE-Xd)) 120,120,110 

110 E=X(I) 
K=I-M 

120 CONTINUE 
JA=M+K 
OPTIMALITY CHECK 
IF(X(JA)) 205,700,700 
FIND BINDING CONSTRAINT, L 

205 L=0 
E=999999. 
DO 230 J=1,M 
IF(A(JA,J)*C(J)) 219,204,219 

204 IF{X(J)) 219,230,219 
219 IF{A(K,J)) 212,230,209 
212 IF{C(J)) 210,230,230 
209 IF(CÜ)) 230,230,210 
210 D=C(J)/A(K,J) 

IF(E-D) 230,230,220 
220 E=D 

L=J 
230 CONTINUE 

IF(L) 235,235,240 
FIND DROPPING ACTIVITY 

240 DO 243 1=1,N 
IF(X(I)) 241,243,241 

241 IF{A(I,L)) 242,243,242 
242 KA=I 
243 CONTINUE 
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MODIFY A MATRIX AND SOLVE FOR NEW CONSTRAINTS, C(J) 

E=A(K/L) 
DO 300 l=l,N 

300 A(I/L)=A(I/L)/E 
C{L)=C(L)/E 
DO 320 J=l/M 
IF(J-L) 310,320,310 

310 D=A(K/J) 
C(J)=C(J)-D*C(L) 

DO 315 l«l,N 
315 A(I/J)=A(I/J)-D*A(I/L) 

320 CONTINUE 
JB=JB+1 
PRINT 630^8,K^L 
PRINT 600#(Cm#|sl,15) 
SOLVE FOR NEW ACTIVITY LEVELS 

X{K)=C(L) 
X(KA)=0. 
DO 400 l=l,N 
IF{X{I)) 330,400,330 

330 E=0. 
DO 340 J=1,M 

340 E=E+C(J)*A(I,J) 
X(I)=E 

400 PRINT 615,{A(I,J),J=1,15),X(I) 
COMPLEMENTARITY CHECK 
IF(X(JA)) 510,595,595 

510 K=KA+M 
GO TO 205 

595 PRINT 640 
GO TO 105 

700 PRINT 710 
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" 

STOP 222 
235  STOP 888 

5 FORMAT (212) 
6 FORMAT (10F8.4) 
7 FORMAT (5F8.4) 
8 FORMAT (32H1WOLFE SIMPLEX QUADRATIC PROGRAM,//) 

600  FORMAT (1X/15F8.4///) 
615  FORMAT (IX.ltFS^) 
630 FORMAT (12H1IN SOLUTION^ 9H,ACTIVrrY,l4,6HIS IN^M^IHDROPS, AN 

ID CONSTRAINT, 14^HBINDS.) 
640  FORMAT {28H0THIS IS A FEASIBLE SOLUTION) 
710 FORMAT (21H AND OPTIMAL SOLUTION) 

END 
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HMktnttoa a1!, u. c. 

Allnl     Chief,  Office  of 
An-o.ia.ll.-al   r ^li.eerl.« 

BBTCHI of 1'ai.plleii »nd Account«, Cod« I 
DcfntMItt  of  tin Navy 
WMMncton 85, D. c. 

Director, 
üi^TUtlaiil.   Kvuluullon Group 
JIIlec of Chief of 

N.iv«l   üi»rullon«  (Ot-UKa) 
H.ivy  lie]«irla.eiit 
khuhlit^t >II     j,   D.  C. 

Hmd^utrtcr«, 
Oklalioui   -Ity Air Mnterlel Area 
UnlteJ BtatM Air Korce 
rtn«ir Air ton* I«»«, nurtw 

luluatrlal Col lege of the 
AraeJ Korces 

Kurt  Lesley J. »'-•»air 
-HbhUelton ?*>, D. C. 

Atlnl     «r.  L.   L.  Henliel 

Inttltut,   I ..  Defeove AoklyMa 
CuMMBtMtl m  B.»-«rch DUUI  " 
Von Heuantm Hall 
Prince! -n.  »ew Jersey 

Lllrary 
Aaerl.-a>, P wer Jet '.-.•fauy 
.ir. GreiU Avenue 
fUd«>n«M,  »'" Jereey 

C aaandl.lK Officer, 
ürfl*re of «a*al he«earch 
branch Office 
,   I. Kami Hh at feet 
: I   .j    I,   Illlnol» 

:''^erlntc.^le.it, 
U. S* Mavnl  P.ntrfraduale School 

Attm     Mhmry 
H.l>terey,   Call I.-tola 

tlecltunlc C.<al».ler Dlelalon 

K,r,4u of fhl|w 
De|<,rtlfte..t   of  tlw   5U*y 
Hukloci ■•   '., o- e. 

The KAU) Co>|untloa 
1100 Main attnt 
;«nta H       », caalfoml« 

tteiaxnaai.t t ntr.l«, fel. Llhrary 
RealM(t>« l>«<«l. 
Die.  of f.|«rry "a«* CortMratlon 
*!■> fourth Avenw« 
Rev tor«  10, ie» In 

Uhleerelty  Of Maahlldrton 
Inet, for BMaost« fseeearch 
Seattle  J,  JaehllWlon 

Unl>eralty of California 
lairvau of Hualfbeae a,«l 

CeuouBlc RaMarch 
Herkele) ■>. Calllrnla 

Mr. Ala« Atroiil 
Applied  "tatUllce Orouy 
liepartoriit     f Hfthaneaent 
Steven«  Ins« Itote   ,f Technology 
HoU. hen,  Bee iereey 

Dr.  :.. 0. Allen 
Stanford heeearch Inatltut« 
Mento '.•.■-  Calif mta 

FTvf«»«or   lelanl   bach 
;*-*.'•'   of ,:   • 
«•ani.«la  Ihntltute of T«o»I>alo«y 
PItteborKh 15,  Penneylvanla 

Prufeeaor D. V. T.   Bear 
D«|«rtiM.nt of liconoMlca 
Unlverully ot  Chlca«. 
a,lca»(i  }i,   Illlnol« 

Profeeeor  ft,  T.   Baclienlach 
Uepanunt of Matlffiaatlc« 
Unlverulty of California 
Loe Anitelee 8%,   California 

Dr. Martin J.  BvakMUttl 
(«)•..«.■:.«   of KconoMlc» 
Brown Unlverelty 
Provl.lei.ee,   Hhode   It.lam 

Dr.  Blchurd Hellaan 
The RAND Coi-pomtlon 
li'OO Haiti Street 
Santa Hmlc«,   Callfomla 

.,!■-.... .r Ma* R.   Bloc« 
C .Ueitc of Bualne»« Adalnlatratlon 
'■>raouoe llnlveralty 
ByrMUM  10,  Mew tori« 

Dean L. M. K.  Boelter 
School of Kna'.eeilmt 
Unlverttlty of California 
U'ft Ancele« Äj California 

Profeftftor Jaaea H.  Bole« 
Unl«er«Ity of Callfomla 
AurlcuUural K*p«rl««nt station 
Berkeley ««,   Callfamla 

,-..'.. 0. H. Urowolac 
Departaent of t.conoBle« 
Unlvere'.ty of Mlntiaaota 
Hlnneap-.H«  W,  Hlnnaaota 

Pr feeaor E. S. Cairn» 
Head.  D«pt.  of Malhaaatlee 
llnlveralty of Illlnol« 
Urtana,   llllnola 

Mr    ^aaaiel L.  Carrell 
1<X>2 Ti*alon Drive 
Dal la»,    --* 

Profeaeor A. Charne« 
Tl* T«elj)olo«llcal  laatltule 
■orttHMMn Util»«r»lty 
l;vai.at..n,  llllnola 

Pr.>re««or John S. Cblfaao 
departaent cf Eaono^ea 
Unleerftlty of Hlwiaaota 
»■.,■.....-   <<•, Mlmwaota 

Profeaeor Carl Chrlat 
Departaent of t   ll«i •..  Kcowaiy 
The John« lloiillii« Uolnralty 
lfeltla.re It, Maryland 

Profe««or ta, !  .iw- Church 
U. S. Naval Poatgnduata School 
Monterey, CallforoU 

Pr^feaeor C. «. ChurebBao 
gclaiol of Bu«ln«»a AMnlatrat Ion 
llnlveralty of California 
.  ,.   .    k, California 

Profeeaur «.  «. Coopar 
Dlractor of li«««arch 
Dr^*rta«nt of LeofKAloa 
Otmmti* Ioi.il tut« or T«chnolo«y 
v.». ....   15,  Pen»»yl«nl« 

Mr.  »krtln laeld 
Treaaur/ Departarot 
uaehlnato« ?5>,  ■ ■  C. 

pi-r.ft. r leraid Ikhreu 
Departaent  of Kcnoalci 
Unlvrrtlty     r "al Ifomla 
Berkeley k, California 

profeakor Boben Dorflan 
Departaant of Pconwalca 
Harvard llnlvaralty 
.•' i 1 i«c   50, HMMehuaatta 

Mr    Uauta Doroa 
Maoa^eacnt  lil«lh«»rlng Staff 
Bureau ol   rnrl- and Ikxtk» 
L*parta*nt of the Navy 
Waahlnffton 85i   '•■  C. 

Bear Ada. H.  E.  Eccle»,  US», H«t. 
101 Uaahlmcton : tract 
Newport, Rhode Island 

Hr.  Danlal Kllabcrg 
The BAND Corporation 
l/OO Main Street 
Santa Mfjnlc«, Callfomla 

Alain Fnthoven 
)009 Holly Street 
Al«««ri*rla,  »Imlnla 

Contract NGnr-225(W) 
May \9fi?. 



Prortiasor Kberliard Fei« 

Univerelty of FlttaburKh 
Plttbburgh  1%   I'eiumylvunU 

Dr. Merrlli H.  Flood 
Htmtftl   Heulth Rtbctirch   IdbtUutt 
^05 North Forest Avenue 
Ami Arbor,   Michigan 

Pn.l'eiiijor D»Yld  Gftle 
Depurtiient cf Mi*tbeiiiiitIce 
Brvwn Uulvol-Blty 
Frv'Vldence,  F.bode lulivnd 

Mr. «urro> Oelsler 
The RAHI> Corporation 
XIOO KBln Street 
Santa B..11U-«, CoUfornl« 

fnttuvffr H. GeltKiua 
liel^rlKent   of I'nlheWAl loi 
Uulverblty of Klnr.eeoio 
Nlru.«|>olle  U, KlDiiaiutK 

Otaiuilnl Foumtallon OrounJ-'rtter StuUM 
Olimnlnl K,.>in4»llon of Agrl. ■MMBlM 
UnUemlty of C«llftrnl» 
Beiiieie/ •>, Oillfortil» 

Mr.  h. J. B. OlUle» 
M»rlietliw He»ei.rc» D»i«rti»iit 
Olln Kuthleeon Ctmle«! Corf- 
, ;\ Wmohekter Avenue 
Kev  Haven '*,   CwOli«Ctleut 

Gr. R. t. Uounr 

»orntinm Height», lie» fork 

Profit»Ji  ;'.vl Crlllct.«» 
|i«;*rt»ent cf KooiMMlfia 
Unteerolly  if Ctllc«« ■ 
Chlco«.   5f,  Iltlnol» 

ür.   Iw-Jljre Keller 
Davy Humtewent Offlc* 
Waenlnxton aj, D. C. 

Or. THwxWre ». Harri« 
rba KAim ^urporatl«! 
IY0O tbil »treat 
Santa Monica, CallfcnUa 

PnHraaor 0.  Loell  Harrlaa 
ftefart**'11 ' f ^«u!*.K.lka 
C   i ctia  Ut.lvevelty 
N<» loik .T, Da« tarn 

Br. JuU C.  Naraanyl 
Da^artxe..« "t fccyswolca 
Vayue litate Unlvaralty 
Petrull. Hlchlgal. 

Prufraaor tt. ».  Heelan«» 
BayartMat •.! l*.ii*««iic» 
Uolvaralty at Caltf,.ritta 
Ua Armalea K, Cnltf^mla 

►rvfa^^r C. llllaroth 
9-A Valla Hall, J. A. S. A. 
mc1il(tan .•;!«•.»  Usilvar.lly 
Kaat Untin«. MUklnan 

Hr. C. J. «ltd. 
■the «AWi OortoMtlun 
UUO M>ln street 
Santa Monica, Oallforaia 

Dr. Alai. J. Moman 
DM MMUVH Cantar 
Bf«  ^1> 
Yurtlo»» BelKhta,   Mev TuHl 

rrofMHT Auatln Hotctt 
Suhu»! uf Hialnaaa Ala-lntatratlon 
Untveralty of Callforlita 
fiarkelay k, Calllurnla 

Cr.  C. 0.  Holt 
Deparuient of KoonoMlea 
Unlverelty  of Wleconaln 
Madison o( Wlfcconalrt 

Vr. John W. Hooper 
Cowlea Foundation for Heaaareh 

In Economic a 
Yale Station,   Box il^'j 
He» Haven,   Connecticut 

FTofebBOr II.  liwtcllln« 
Dept.   of Mntheimtlcul Statlotlct 
Unlvemlty of North Oorollna 
Chapel  Hill,  North CuoliM 

Profesiior II.   S.   Houthakker 
Ijefiartmeiit  of KconoiclOB 
Unrvard  Unlverßlty 
ÜBJiilJildge   3ä|   Haauuclmöettli 

Dr.   H.   M.   Hu«h©e 
DeiArtiusnt  cf  Blometrlca 
School of Aviation Medicine 
U.  3. A.  F. 
Rudolph Field,  Texae 

FrjfeBBor Leonid Hurulct 
Del'artrc.cnt  of EconoKloe 
UnlverBlty of Mlaneaota 
M'.mieapoliB Ik, MInneaota 

Pr feBBur J. H. JocJtaoQ 
HanA«enent SclenceB Beaearch Project 
Unlveratty of California 
Loa Annelei W, California 

Profeaoor »al« W. Jorganeon 
KinrrMiit  of Kaonowico 
UulvarB'.ty of CaJIforala 
Barkelay I*,  California 

Johaa BOJ*IB« Unlveratty Lltrary 
Aeiulatttona liesairtaant 
Baltlm>r« 1«, KarylaM 

Capt. Walter H. Keen, Ü5H 
Office of Eaval Baaeatoh 
Cdd« liOO 
Dapartnent of t!>a Mavy 
Waahlnjtua »1  D. C. 

Prifeaaor Lawrence HI« In 
Iwpartaent of l*«iM"lca 
Uulvtialty of PeanBylvaal« 
Ptlladelyl.1«.  Pemiaylwanla 

Pntfaaaor T. C. »oopaan» 
Cuwle» FOuntfallun for Baaaarch 

In fieocBjale« 
tal« StMfaw, Bo« 81*5 
K«w Have!», Connacilout 

Professor MaroM W. fulm 
tWHutaarnt uf Hath«««!lea 
hryn Hawr Colt*«« 
Bryn Mnwr. PennaylvanU 

Dr. BtMBr4 Lalttn 
rta KAMJ Cori«ir«llon 
1/00 Main atraal 
Santa Kwllc«, C»llfoiT,la 

Prjfeaaur C. K. 
IwiBirts«!.'. of Hathcaatl«:« 
Henaaalaar PolyteihnJsal  Jnatllut« 
tpjy, »r« »»,rt 

Prof «««or W. M. l*ontlef 
tlapartacnt of EcootÄlca 
Karranl Untvaralty 
Caai.rll^e   Vi.  M«Baacnaa«tta 

Or. l»rn».a«4t Ll«l»rma 
Canter fwr !nt«niAtlü«al Affair« 
t Divinity Avenu« 
Harvard Unlvarally 
Caatrld«« 5*1 Maaiaefcuaa'la 

rrjfeaaar s. h. LltUtuar 
Depl. of Inluatrlal  LiMlnrarln« 
Colwabla Ullvrralty 
Hew lor* Vl,  "•• Ifi* 

John t. Ua, S«nlor koonovlat 
''.Hi*.  U*a. 
Loa An««lca Cantar 
Vl/l Wllablra Blvd. 
Davany HUU, Callforul» 

Dr. ft. Duncan U10« 
I)e|iart««nt of Paycholo» 
UnlverBlty of Pennaylvanla 
Philadelphia,   P«nn»ylv«nl« 

Ur. Cmlg A. >*«ulre 
rt6S^ TU« Avenu« 
Pair 0«»a,  California 

Benolt Mnndelbrot 
Intomntlonal Buelnea» 

HnchlneB Corporation 
Beoearch Canter 
P. 0.  Mo« ?lti,  I-iob tatata 
Yortlown HalghtB,   New York 

Profeobor Julius Moreolla 
Department of BuolnebB Admin1 atret Ion 
Unlvorulty of California 
Berkeley ",,  California 

Mr.  Harry M. Markowltt 
LoglBtlcB Department 
The BAND Corporation 
1YOO Muln Street 
Sunta Monlco,  California 

ProfeaBor Jacob Harachak 
School of Bualoeaa Admlnlatratlon 
UnlverBlty of California 
Lo« Angeles 2b,  California 1 

Thonab M&rscl^k 
School of Buelneaa AdalnHtratlon 
UnlverBlty of Callforol« 
liarkelcy k, California 1 

Professor Lionel M. McKantla 
Dapartnent of Econonlc« 
Unlveralty of RochaoUr 
Illv«r Caapua Station 
Bocbeater 20, Haw York • 

Mr.  Joaaph Mehr 
Head, Opartttlooa B««eftrch D««k 
U. S. H. 'fmlnlng Devlc« C«nt«r 
IVjrt «««htngton, L. I., »«w York X 

Dr.  Blctard A. Mlll«r 
«Wl w««i 7tb 8tr««t 
Fort Worth 7, T«a»« 1 

profeeaor n»neo Modigliani 
'Ji-ad. School of Isduatrial AdaUlalrmtloo 
Carnegie Inatltut« of Technology 
Plttaburgb IJ,  f»nn«ylvanU * 

Profaaaor Jaaa. Hoop« 
Dapt. of Industrial Rngln««rlng 
Mortbeastam Unlvaralty 
KMton 12, Maaaachoaalta l 

profaeaor 0. Monl«n«t«ro 
EronoMttrlo Baaeaixb Pr^^gra* 
Prlnc«ton Uolvaratty 
it. laaaau i>tra*t 
Prtnc«t'.a, «av Jarsay * 

D.  1- Ncwnl^ui 
Cbiaf. loduatrlal KaglMarlo« Olwlalon 
CoKptrollar 
■:,.... San Bernardino Air Malarial Araa 
Karton Air Porea »••«, Callfomla I 

Hr. H.  L. Norman 
Raaearch Mvlalon 
Collage of KuglBaaiin« 
«a« York Unlveralty 
Be» York 5S. »•* To'» l 

|Tor«tsor P. ». O'NalU 
Dapanaettl of rx«lae«rln« 
University of California 
1.« Angetaa Ik, Callfomla 1 

Mr. BU-bard V. Palenw 
Operatlfina «aaaso-sh Dapartaent 
ItlUcw Kw. tatoratorlea 
Ypellantl, Hlohtgan » 

Professor DonaJd Patlnkln 
Departaent of Beooaaloa 
Unlvrrelty of California 
harte ley •., California » 

>»,•;. »t ,1 M   Mllay 
J01 Stepheoa ►kaaorlal »toll 
UnlverBlty of Cailfoml» 
herkcley k,  Callfomla 1 

Profesaor 6. «oaenblall 
Dapartaant of Ulatlatlc« 
The Oeorge Uaabtngloa Unlveralty 
Waahlo«ton 7, D. C. ' 

ppof«a«or Murray Booanbiatt 
Dapartaant of Mathsaallea 
Urown Unlveralty 
Provldtnc» 12, Rhode Island 1 

Profesaor A. K.  Roe«, HaaÄ 
Departeaint of Katheaallca 
University of Jlotre Daaa 
Notre lause,   Indiana ' 

Profeaeur Jeroa« Ruthenberg 
Dapartnent of Kconoalca 
Northweatern University 
Evaiiston,  Illinois 

Professor Albert R. Rutemteln 
Department of  InduBlrlal Engineering 
Horthuestern Unlveralty 
Evanaton,  llllnolB 

Contmct Nonr-Ja5(50) 
May 19(>2 
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! 

Prol'tßsor  Herman Hubln 
Dsportmsnt of stutlstlcB 
Mtohl^U) State Unlverßlty 
Kust  Lansing,  Michigan 

ProfSBBOr  RiotaftTd   S.   Büdner 
Departsvnt of Phlloeophy 
Michigan State University 
iUxot  UuiBlngi  Michigan 

Prol'eLi ur P.  A.  Gamueleon 
DvpftrtlMftt   ol* tc^nüinlcb 
M.  I, T. 
Ctunbrlrt^e   59|  M(n*i>achU8ettfl 

Dr.   I,  M-'htird htiviigc 
Schumi Ot Bui>ln«ns 
Vlncer.t Hall 
Untvei-Hlty <,t MianHOta 
HliuitfapollB  l*, Mlnnvaota 

PrcftUBor Andr«w Sehullr, Jr. 
Dcpt. of IndutttrUl t^liieerli« 
r^rnoll   Unlveit.lty 
in.«. »,  Kew York 

Frofcesur H. A.     '---!- 
Iwpt. of InJuBtrUl Adalnltitrttti^n 
OUIWSl«   limtUuie of Tvchnulotgr 
Pltt«t>ur*th  13»  Pennnylvanl» 

Mr. J. R* Sl«p""n 
Burciiu of Suptllca and Accuunta 
Cod* («») 
Arllnfttctt Amm 
U.  B.  Dv|Mrtawnt of  the  M«vy 
Watfbirttfton 25, D. C. 

Profeetrcr Vertun Salth 
:. j'.c. •   ■   of !■.■!-■» 
f.. ■..-■■  Itulvcrblly 
M«ftt   i.-:-... ■■■t.   :■ ii.u.M 

c:  ff.        ;.. .  ■      <■  . 
DapartMnt *>.' H«»thr«»tlce 
Uartaouth Coll*g« 
Hanovarf Ma^ ^._p> : — 

Profaacur Rubert Soluvr 
Depart Mrttt uf l^auualee 
M.  Z. T. 
CwBtrt<t#e   1J, Mi»«<^:hu»«tt • 

Profcaaur BotoVt Buaaar» 
Dapartaant  of äoongoiSea 
Unlvaralty Of Peiuiaylvanta 
miladelpMa.  Kruiaylvanla 

Profaaaor Jatala Tboapaoa 
napt. uf  IntuatrtaL Adalntatr«t*.i.n 

. fcj:,.-•.-   :■:.'«■ of '«   v . i   ^ 
Plttsbuiitb 15. Panr.aylvanla 

Pn*faai«r H. K. Thrall 
D«p«rtaai>i of ttothranUsa 
Ualvar»ity uf HUMKan 
An« Artor, Mtehlitan 

rmf*-»»  r  L. M. TlchvluaKy 
DojAi-tacnt  of tr^lnvKrlt^ 
Ualvcralty of Cattrornla 
HvrkaUy *, Califamla 

iTofantür Jaaaa Totoin 
Council ut fc&unoale AdvUara 
Kxacutlv« Ulrica af Hi* Praaldani 
ilmtblntCt n B5i  D. C. 

pittraa»Mi C. h. TlcMglrliMi 
.- ;! .   uf Matheanlläa 
Unlwraliy of    ...:•..'■ 
Las k-*- -■ -   tßtt  Califurnla 

fifK'.t A.  W. TucHer 
PlM   Halt,    lv  '    /Ü«i 
i-i i    • •   I-.  Naw Jaraay 

Pr.faaaor  Hlr.>fuail        ■-" 
tehavlural .SaUncaa 
■'•:■ Junliwru    'in 
Stanford, California 

^r. re.,: ..r   D.   K.   Votatf,   Jr. 
Da|xirtic«iit  Of KuonuAtca 
Yala UntvurMty 
Haw Haven,  Connecticut 

PPT^UL   r W. A.   Walllt 
-)' Hnukell  Hall 

University of Chlcnno 
Chicago Mi llllnula 

Profeecor J.  L.   Walüh 
Derxirtment  of Mathematlca 
Harvard Unlvorelty 
Cambridge  50,  MaaeaohUflattB 

Dr.  T.  Whltln 
School  of  Industrial ManageBont 
Maeo.   Institute  of Technology 
Cambridge JQ»  Nusaachueatta 

Mr.  Philip Wolfe 
The RAND Corporation 
1700 »fein Street 
Santo Monica,   California 

Prul'eüflor J.   Wolfowitz 
Depurtaent of Mithemutlca 
Cornell   Unlverelty 
Ithnoa,  New York 

Profebtior Hobeit J.  Wolfaon 
CEIB,   Inc. 
9171 WUahlre   Blvd. 
Beverly HUU,   Calirornla 

Hr.  HbrttrwU  K-   Wood,   Chlaf 
Industrial Vulnerability  Branch 
Offleo of Aas't.  R#c. of Defanae 
Waablngtcn 25«   D.  C. 

Prüfcator M. A.  Woodbmy 
Departmit of Hntliemtlca 
Heu Yurt  Unlveralty 
New York 55.  Ne« York 

DiatributIon vta QHH London 

Ö   ■»»!'.( r*   UTTl   ei 
Branch Office 
Navy No.   100 
Flaet Pcot Offlc« 
Neu fwrk» New York 

Profvaam Maurice Allala 
(*> UrtiUvard Bt. Mlcbel (VI ) 
purl» 60,   KRAHCfc 

Mr.  ailllna M.  Oonain 
Uiitverkfiy  af BlralnglMa 
Blraln^haa, - ^ 

Hr. Irmnk Hahn 
Departaant "f KconMtlea 
Churchill College 
Caabrldjte,  MKLAN!» 

Dr.   -'-li   Huaaar 
Inatlt-jt  fur  aii*tauandt* Matbeaatlk 
Unlvcraitat   Bern 
Barn, SVVt.'WUMi 

M.  Jac-fuaa La azurne 
Boclätä da» Matbcaatl^uaa 

ApplWuaaa 
51  nie M^igador 
l»rU %,  FHANCE 

Dr.  Bdaond H&llnvaud 
InctStut« Hatlooal da  la ätatlatt^ua 

•t da» Hudaa EconoBl^uas 
2^9, «jual  Branly 
Paria,  PRARCk 

Profvat^r Maurice McHnmia 
Pacalty of Coaaarc* 

and Itocial Seltne* 
Unlveraii/ of Blnalngtiaa 
BimingtriUk,    :. .:AV 

Brofotoor br. Hvlnc Sa 
Inatltut  für PraadenvarKehrawlaaanaehart 
Orafatraaa*   '■* 
Prartkfurt a.  M., OMMAITY 1 

r,   :■ ■     >  Henri Thm\l 
■-   .     ■   ri-   Inatltut* 
Nctherlanda School of Bconoatci 
HolterdaiB, NhTHKhlANDa 1 

platrlbutlon via OHH San Pranciaco 

U. S. Attache 
Attache for Air (Tokyo, Japan) 
APO - 500 
San Krancleco,  California 

PrufeBbör MIM - MoriBhlaa 
Inatitute of Social and Koonoalc Reaaarcb 
Oaaka UntveiBlty 
Toyonoka,  Onaka,  JAPAN 1 

Takashi Neglshl 
112 Banyacho Heguroku 
Tokyo,  JAPAN 

Dr. Kukukan* Nlkaldo 
Inatltut* of Boolal and Econoolo 

H*B*arch 
Osaka Unlvarelty 
Toyonaka, Osaka, JAPAB 

Dr. Tauneblko Hatanab* 
Dapartnent of EconoaUoa 
Oaahuln Unlvaralty 
Mejlro, ToablBBku 
Tokyo, JAPAN 

Profeasor Takuaa Yaaul 
Departsent of Econoalca 
Tohoku Univaralty 
Scndat, JAPAN 

Othar Porelgn Addreaaaa 

Jan Kaenta 
Dapartnent of Bconoalc 
Unlv*ralty of Sydosy 
SydMy, AUSTRALIA 

Prof«*aor David Slater 
Queen*« Univaralty 
Kingaton, Ontario, 

Additional copU* for project l*ad*r 
and aaalatant* and r*a*rv* for futur* 
r*qulraa«nt* 50 

Contract Bonr-a25(50) 

May 1962 

(£51) 


